OBJECTIVE: To determine whether obesity in adults is related to seasonal or climatic conditions around the time of birth. SUBJECTS: 1750 men and women born in Hertfordshire between 1920 and 1930. MEASUREMENTS: Height and weight measured in the home by trained ®eldworkers. RESULTS: Body mass index (BMI) rose with increasing birth weight in men and women. In men, BMI and the prevalence of obesity (BMI ! 30 kgam 2 ) varied as a function of month of birth and was greater among those born in January ± June than among those born in July ± December. The relationship between birth weight and adult obesity was also stronger in those born in the ®rst 6 months of the year or following cold winters than in those born in the last 6 months of the year or following mild winters. CONCLUSIONS: These ®ndings suggest that adult obesity is linked both to high birth weight and to early cold exposure. Consequently, exposures in early life may contribute to individual variation in susceptibility to obesity in adults.
Introduction
Although obesity is attributed to the combination of a sedentary lifestyle and excess energy intake, 1 biological factors which predispose to it are not well understood. Family and twin studies have emphasized the role of genetic factors. 2 Increasing evidence, however, suggests that environmental factors operating during early life may also in¯uence the development of obesity. 3, 4 Longitudinal studies show that anthropometric measurements in infancy or early childhood tend to predict body size later in life. 5 ± 10 Moreover, excess body weight that accumulates during critical periods of development is more likely to persist. 4 The nature of the external in¯uences which initiate obesity during these periods is poorly understood, however. Several observations suggest that fetal nutrition may be an important determinant of an individual's propensity to develop obesity later in life. Adult obesity is more common in men exposed in early gestation to the Dutch famine of 1944 ± 1945 11 or in children born to women with gestational diabetes mellitus. 12, 13 Moreover, animal experiments demonstrate that early under-or overnutrition also affects adult body composition and the fat mass of several species. 14, 15 The in¯uence of other, non-nutritional factors in early life has been largely overlooked. Anthropologists have long noted geographical variation in body morphology and speculated about its relation to the local environment. 16 Over 150 y ago Bergmann proposed the general rule that body size in mammalian species increases from warmer to cooler climates. 17 Although this variability is commonly attributed to genetic differences, 16 studies in animals and humans raise the possibility that environmental temperature per se may play a contributory role. In a study of American-born, Caucasian males conducted nearly 50 y ago, Newman and Munro demonstrated an inverse relation between weight for height and the average January temperature in the state of birth. 18 Environmental temperature in early postnatal life also in¯uences weight gain and fat accumulation in experimental animals. 19, 20 We have therefore examined the in¯uence of climate at the time of birth on the prevalence of obesity in adult life by analyzing associations between climate, season of birth or birth weight with adult obesity in a well-characterized longitudinal study of men and women born in Hertfordshire, England during 1920 ± 1930.
Methods
From 1911 to 1948 each birth in Herefordshire at home or in hospital was reported by the attending midwife and birth weight recorded. Health visitors also saw each child routinely during infancy and recorded weight at 1 y. Using the National Health Service Central Registry, Southport, and Hertfordshire Family Health Service Association, men who were born in the six districts of East Hertfordshire during 1920 ± 1930 and had both birth weight and weight at 1 y recorded were identi®ed, as previously described. 21, 22 Of the 1157 men still living there, 845 agreed to be interviewed at home. In the same way, 565 women born in the six districts of East Hertfordshire between 1923 and 1930 and still living there were identi®ed. Of these, 388 agreed to be interviewed at home. An additional 320 men and 197 women born in Northwest Hertfordshire in 1920 ± 1930 were also traced and interviewed in the same way. 23 Trained ®eldworkers, unaware of the data from infancy, visited the 1165 men and 585 women at home. They obtained information on medical and social history, and on smoking and drinking habits. Height (in cm) without shoes was measured with a portable stadiometer. Weight (in kg) in light indoor clothing was measured with a SECA scale (SECA Ltd, Birmingham, UK); values were reduced by 1.0 kg for men and 0.5 kg for women to correct for clothes worn. Body mass index (BMI) was calculated as weight in kg divided by height in meters squared. Individuals with a BMI of 30 kgam 2 or greater were classi®ed as`obese' and those with a BMI of 35 kgam 2 or greater as`very obese'. Measurement procedures were standardized at the outset.
The father's occupation was used to de®ne the social class at birth, while current social class was derived from the woman's occupation if she was single or the husband's occupation if she was married. Five graded social class groupings were used: (i) professional; (ii) employers and managers; (iii) skilled occupations ((a) non-manual and (b) manual); (iv) partly skilled occupations; and (v) unskilled occupations. 24 Twice daily temperatures were obtained from The Central England Temperature (CET) record from The Meteorological Of®ce for the period 1920 ± 1930 and were adjusted for differences between the CET and average monthly temperatures for recording stations in and around Hertfordshire (Stansted, Luton, St Albans and Hoddeston) noted from 1961 to 1990.
Statistical analysis employed multiple linear regression to examine continuously distributed variables (birth weight, weight at 1 y and BMI) and multiple logistic regression to analyze proportions (obesity) both with and without inclusion of potential confounding factors. 25 In addition, seasonal and monthly differences in continuous variables were analyzed by analysis of variance and in prevalence rates for obesity by chi-square. 26 The tabulations are presented as means and standard deviations, except as noted. Since birth weights were recorded in pounds and often rounded to the nearest quarter or half pound, these units have been retained in this analysis.
Results
The average age of the study population at the time of interview was 64.9 y (range 59 ± 73 y). Mean BMI was 26.0 kgam 2 and 13.9% were obese. Women were more obese than men (BMI, 26.5 vs 25.8 kgam 2 ; percentage obese, 20.2 vs 10.8%). The prevalence of obesity, however, varied little over the age range of the subjects at examination.
BMI in adults was statistically related to the subject's weight at birth. The relationships for men and women are presented in Table 1 . In both men and women BMI declined slightly from the lowest to the second lowest birth weight group and then increased progressively to the highest group, a pro®le similar to that noted previously in American men and women. 27, 28 This relation between BMI and birth weight was statistically signi®cant as a linear, but not as a quadratic, trend. The impact of birth weight on the prevalence of obesity (both obese and very obese) was similar to that of BMI in men. Prevalence rates for obesity were not consistently related to birth weight in this small group of women.
The possibility that seasonal factors during the perinatal period might in¯uence subsequent Climate at birth and adult obesity DIW Phillips and JB Young development of obesity was examined by comparing BMI and the prevalence of obesity according to month of birth. The results for men and women are shown in Figure 1 . In adult men, BMI and the prevalence of obesity (BMI ! 30) varied by month of birth (P 0.026 and 0.021, respectively), tending to be higher in the earlier months of the year. Although, among women, BMI did not vary by month of birth (P 0.525), monthly variation in prevalence of obesity (BMI ! 30) was of borderline statistical signi®-cance (P 0.056). Month of birth did not affect birth weight or weight at one year in either men or women. In order to obtain subgroups of suf®cient size for further study, monthly data were pooled to obtain four 3 month quarters and two 6 month periods. Of the three possible ways of dividing 12 months into four 3 month quarters (ie the ®rst quarter being December ± February, January ± March, or February ± April), only the set beginning January ± March retained signi®cant variation in the prevalence of obesity. Consequently, division of the year into quarters beginning with January ± March as the ®rst quarter was employed in all subsequent analyses and the results presented in Table 2 . Although BMI did not vary throughout the year, the percentage of men classi®ed as obese fell from 13.8% among those born during the ®rst quarter of the year (January ± March) to 9.4% among those born in the last quarter (October ± December), and that of the very obese from 2.7% in the ®rst quarter to none in the fourth quarter. As a result, the prevalence of obesity in men born during the ®rst 6 months of the year was greater than in those born during the last 6 months (12.7% vs 9.0% for obese, P 0.047; and 2.4% vs 0.5% for very obese, P 0.012). In women, 2 ) in adult men and women. BMI data are presented as mean AE s.e.m. The horizontal line in each panel represents the mean value for BMI or prevalence of obesity for the group as a whole. P-values refer to the effect of month of birth on BMI by analysis of variance and on prevalence of obesity by chi-square analysis.
Climate at birth and adult obesity DIW Phillips and JB Young seasonal trends were less apparent. These differences among seasons in adult male obesity occurred in the absence of any seasonal effects on birth weight or BMI.
Although weights at 1 y also did not show statistically signi®cant seasonal trends, when these values were adjusted for birth weight, 1 y weights were slightly greater in men born during the ®rst half of the year than in those born in the latter half (22.8 lb vs 22.5, P 0.073). In women, weights at 1 y did not differ between those born January ± June or July ± December, even after adjustment for birth weigh (21.4 lb in those born in the ®rst half of the year vs 21.3, P 0.471).
Since birth weight was a strong determinant of obesity in these adults (Table 1) , the impact of birth weight on adult BMI was examined as a function of season of birth (Table 3 ). The relation between birth weight and BMI was statistically signi®cant for men and women born in the ®rst 6 months of the year (men: linear P`0.001, quadratic P 0.04; women linear P 0.013, quadratic P NS), but not for those born thereafter. Moreover, in multiple regression analysis both birth weight and weight at 1 y were independently related to adult BMI in men born in the ®rst half of the year (P`0.039 and 0.008, respectively) and, marginally so in women born during the same 6-month period (P 0.067 and 0.084, respectively), while in individuals born in the second half of the year neither birth weight nor weight at 1 y was related to adult BMI. Likewise, the relation between birth weight and the prevalence of obesity was restricted to male births occurring between January and June and was not observed in men born in the second half of the year or in women born in either 6 month period of the year. The interaction between season and birth weight was tested also in a regression model with BMI as the independent variable and birth weight, gender, season and an interaction term (birth weight Â season). The interaction term was statistically signi®cant (P 0.02).
To determine if environmental temperature may have contributed to these seasonal effects, the 11 birth years were divided according to monthly Fisher's exact test P 0.02. Climate at birth and adult obesity DIW Phillips and JB Young temperatures in December (of the preceding year) and January. Years in which the mean temperature for either month was less than 4.0 C were classi®ed as cold' winters, and the remaining years as`mild' winters ( Table 4) . Trends of increasing BMI or prevalence of obesity with rising birth weight were statistically signi®cant among men born in years following a cold winter (linear P`0.001, quadratic P NS), but not among those born after a mild winter. Weight at 1 y was not independently related to adult BMI in either group. For women, BMI was marginally related to birth weight only in those born following a cold winter. A test for the interaction between birth weight with the effects of a cold winter was statistically signi®cant (P 0.05). Neither birth weight nor weight at 1 y differed between those born after a cold or mild winter. Moreover, the relation between birth weight and adult BMI did not differ when subjects were grouped according to winter temperature following birth.
BMI and the prevalence of obesity were higher in people of lower current social class. Mean BMI in current social classes I, II and III (non-manual) was 25.6 kgam 2 compared with 26.1 in social classes III (manual), IV and V (P 0.006). Prevalence rates of obesity in these two groupings by social class were 11.4 and 14.9%, respectively (P 0.03). Allowance for social class, however, did not alter the trends of BMI or obesity with birth weight or season of birth.
Discussion
The ®ndings presented here suggest that environmental factors operating around the time of birth are associated with an increased prevalence of obesity in adult life. First, the likelihood that an adult male would be obese differs according to the month or season of his birth ( Figure 1, Table 2 ), a relation which is less apparent in women. Second, the positive relation between birth weight and adult obesity noted here in the male and female groups as a whole (Table  1) , and previously by others, 27, 28 was more pronounced in men and women born during the ®rst 6 months of the year than in those born during the last 6 months (Table 3) . While many factors in the environment exhibit seasonal variation and might contribute to these associations between birth season and adult obesity, an attempt was made to link the seasonal effect to temperature by comparing seasonal effects in years following cold or mild winters, a division arbitrarily chosen to produce groupings of comparable size. The relationship between birth size and adult obesity was stronger in men and women born following a cold winter than in those born after a mild winter (Table 4 ). Due to the retrospective nature of our analyses, however, this last ®nding is consistent with, but does not establish, environmental temperature as a major contributor to the in¯uence of birth season on development of adult obesity.
Our study population was composed of Caucasian men and women who had complete health visitor records, who were traced and still lived in East or Northwest Hertfordshire, and who were willing to take part in the study. Seventy-®ve percent of the men and 66% of the women were traced despite an interval of b 60 y. No differences were noted in birth weight or weight at 1 y between men and women traced and not traced, or between those who took part and those who did not. The analysis was based on internal comparisons and bias would only be introduced if the relation between early growth or climate and subsequent obesity differed between participants and non-participants. Although the measurements of fetal growth and climate are by necessity imprecise, 1922, 1924, 1926, 1928 and 1929;`mild' winters: 1920, 1921, 1923, 1925, 1927 and 1930 .
Climate at birth and adult obesity DIW Phillips and JB Young the strength of the relationships between the early environment and adult body weight has probably been underestimated. Finally, while our study population represented only a small proportion of all live births in Hertfordshire during the period 1920 ± 1930, the distribution of BMI in this sample is similar to estimates derived from British population samples of comparable age, such as the General Household survey. 29 It is unlikely that selective loss of subjects over the six decades of the study would explain our results. As previously shown in this cohort, 21, 22 as well as in other studies, 27, 28 prevalence rates for glucose intolerance, hypertension and cardiovascular disease are inversely related to birth weight. 30 As a result, dropouts due to obesity-related cardiovascular mortality would be expected to be greater among the low rather than the high birth weight infants. The absence of very obese adults in the lowest birth weight category may, in part, re¯ect this loss. Nevertheless, since glucose intolerance is not associated with an individual's season or year of birth (Phillips and Young, unpublished observations), any obesity-related mortality would be expected to affect equally subjects born at the beginning or end of the year and following cold or mild winters. Consequently, selective loss of subjects cannot account for the discordance in strength of association between subjects born January to June and those born July to December (Table 3) nor between those born following cold and mild winters (Table 4) .
The positive relation between birth weight and adult BMI or the prevalence of obesity accords with results of previous studies, 5, 27, 28, 31, 32 suggesting that body size tends to track throughout life. 6 ± 10 Although the conventional view is that this association merely re¯ects the lifelong operation of genes controlling body weight, the absence of association between birth weight and adult BMI in infants born in the latter half of the year or following a mild winter favors a non-genetic explanation.
The hypothesis that season of birth or climatic conditions early in life in¯uence adult body weight has been raised previously. Early studies suggested that men born in North America during the ®rst 6 months of the year were, on average, heavier than those born during the last 6 months. 33, 34 The reverse was obtained for men born in the Southern Hemisphere. 35 Also, birth dates during the ®rst 6 months of the year were more common among overweight patients attending a nutrition clinic in New York City. 36 In addition to potential variation in adult body weight according to season of birth, data exist suggesting that geographic variation in exposure to cold temperatures might also affect adult body weight. Newman and Munro examined weight-for-height relationships in 15,216 male Caucasian US army recruits. 18 As recently re-analyzed, 20 BMI was highly negatively correlated with mean January temperature in the state of birth. The current study is based upon examination of adult obesity in relation to both seasonal and annual variation in temperature within a de®ned geographic region. The rule dividing birth years into groups according to`cold' or`mild' winters was chosen arbitrarily to provide subsets of comparable size. The ®ndings in adult men that obesity is associated with season of birth and that the strength of the association between birth size and subsequent obesity varies with season of birth and with annual winter temperature are consistent with a role for early environmental temperature in the development of obesity in men.
Although factors which are sensitive to both temperature and season (nutrition, for example) may also be involved, evidence from animal studies indicates that exposure to lower environmental temperatures before or soon after birth promotes development of adiposity in the newborn. 20, 37 Since exposure of young animals to cold increases adipose tissue cellularity in some depots, 38 the cold-induced hyperplasia noted in neonates may predispose to subsequent expansion of adipose tissue in adulthood. Moreover, animals exposed to lower environmental temperatures in early life exhibit enhanced storage of ingested energy as fat even after the period of exposure to low temperature. 20 The greater weight gain in cold-reared animals may re¯ect an increase in ingestive behavior 20 andaor inhibition of diet-induced activation of sympathetic nerves innervating brown adipose tissue, the principal heat-producing tissue in small animals (JB Young, unpublished observations). The mechanisms underlying the interactions among birth weight, climate during early life and adult obesity noted here are conjectural and clearly warrant further study.
The time at which the impact of environmental temperature is most strongly expressed cannot be determined from the current data. Although in experimental animals temperature exposure restricted to the postnatal period are suf®cient to induce a predisposition to obesity, the comparable period in human development is unde®ned. Since weight at 1 y in male subjects born during the ®rst half of the year was slightly greater (after adjustment for birth weight) than that of males born later in the year, environmental temperature or other seasonal factors may affect postnatal growth.
Although living conditions in East Hertfordshire between 1920 and 1930 were markedly different from the centrally heated, air-conditioned existence of today, the effects of early thermal environment may still in¯uence adult body weight and may contribute to the higher prevalence of obesity in the more northerly parts of the UK. 29 Study of the mechanisms which couple early temperature exposure with physiological regulation of body weight may provide a developmental basis for understanding individual differences in the susceptibility to obesity. data. We are also grateful to the men and women in Hertfordshire who took part in the study, and the ®eldworkers who collected the data, Dr C Fall and Dr A Sayer. We also thank Professor DJP Barker for helpful discussions and his support with this study. Supported in part by the Medical Research Council, the British Heart Foundation and USPHS grant DK 20378.
